Abstract We tested the hypothesis that the results of real-time polymerase chain reaction (PCR) analyses for respiratory viruses would reduce antibiotic treatment and length of stay in elderly patients hospitalized with respiratory infections. Within 24 h of hospital admission, a total of 922 patients aged ≥60 years were interviewed for symptoms of ongoing respiratory tract infection. Symptomatic patients were swabbed for oropharyngeal/ nasopharyngeal presence of viral pathogens immediately by members of the study group. During a 2-month period, nonsymptomatic volunteers among interviewed patients were swabbed as well (controls). Oropharyngeal/nasopharyngeal swabs were analyzed with real-time PCR for nine common respiratory viruses. A total of 147 out of 173 symptomatic patients and 56 non-symptomatic patients (controls) agreed to participate in the study. The patients were allocated to three cohorts: (1) symptomatic and PCR-positive (S/PCR+), (2) symptomatic and PCR-negative (S/PCR−), or (3) nonsymptomatic and PCR-negative (control). There were no nonsymptomatic patients with a positive PCR result. A nonsignificant difference in the frequency of empiric antibiotic administration was found when comparing the S/PCR+ to the S/PCR− cohort; 16/19 (84 %) vs. 99/128 (77 %) (χ 2 =0.49). Antibiotic treatment was withdrawn in only two patients in the S/PCR+ cohort after receiving a positive viral diagnosis. The length of stay did not significantly differ between the S/PCR+ and the S/PCR− groups. We conclude that, at least in our general hospital setting, access to early viral diagnosis by real-time PCR had little impact on the antimicrobial treatment or length of hospitalization of elderly patients.
Introduction
Respiratory viral infections (RVIs) are important causes of morbidity and death in the elderly population [1] [2] [3] . Influenza viruses, respiratory syncytial virus (RSV), and human metapneumovirus (hMPV) are the major viral pathogens in the geriatric age group, and outbreaks caused by these viruses have been described in long-term care facilities [4, 5] . Following infection with influenza viruses, RSV, or hMPV, the risk of hospitalization increases with underlying heart and lung disease [6] [7] [8] . So far, vaccines and antiviral drugs are available for influenza viruses, but not for RSV and hMPV.
Both in the community and in hospitals, the burden of diseases caused by RVIs among the elderly is difficult to establish, as symptoms are often uncharacteristic [9] . Apart from the sensitivity and specificity of the involved laboratory methods, successful etiological diagnosis of RVIs depends on virus-specific factors such as the extent of shedding, as well as on the patient's age and medical condition [10] [11] [12] . Real-time polymerase chain reaction (PCR) assays can provide a rapid etiological diagnosis more efficiently than conventional microbiological methods [13] . Therefore, real-time PCR may contribute to reducing the inappropriate use of antibiotics and to shortening the length of hospitalization. The high diagnostic sensitivity of real-time PCR may be of special value in viral respiratory infections of the elderly, who, at least in the case of RSV, are characterized by low mucosal shedding of the virus [9, 14] .
In children, rapid tests for respiratory viruses have reduced the duration of hospitalization, antibiotic prescription, and the cost of hospitalization [15, 16] . Similar findings have been observed in young and middle-aged adults [17] . However, limited data are available on the effect of improved microbiological diagnostics in the elderly population [6] . We hypothesized that early results of real-time PCR analyses for respiratory viruses would reduce antibiotic treatment and length of stay in elderly patients hospitalized with respiratory infections.
The objective of this study was to test this hypothesis in a general medical ward.
Materials and methods

Ethical committee
The study design was approved by the Norwegian Regional Committee of Research Ethics.
Study design and eligibility criteria
The study took place from February 13th 2008 until February 3rd 2009 at the Department of Internal Medicine, Sorlandet Hospital Arendal, Norway. Sorlandet Hospital Arendal is the only hospital in Aust-Agder County, serving approximately 111,000 inhabitants. A total of 66 % of the population are residing in densely populated areas. At the time of the study, regional antibiotic stewardship suggested the use of intravenous penicillin G in patients with a suspected respiratory bacterial infection. A four-hour rule existed on antibiotic initiation after hospital admission, leaving the probability of antibiotic administration in patients with symptoms consistent with a respiratory infection being high.
Twice a week, all patients born in 1948 or earlier and admitted to the department during the previous day were interviewed by one out of two specially trained team members of the study group (one doctor or one nurse) for any symptoms of ongoing respiratory tract infection and for details of possible ongoing antimicrobial therapy, regardless of findings and diagnosis upon admission. Out of a total of 922 interviewed patients, 173 (19 %) were eligible according to the pre-set inclusion criteria (Table 1) and 147/173 patients agreed to be tested according to the study protocol. Of the 26 patients who declined to participate, 14 were males and 12 females; their mean age was 74.8 [standard deviation (SD) 7.9] years. As a control group for possible mucosal carriers of respiratory viruses among non-symptomatic individuals, 23 patients without symptoms of a respiratory tract infection were swabbed once during the first 4 weeks and 33 similar patients once during the last 4 weeks of the study (Table 1) .
Two nasopharyngeal swabs, two oropharyngeal swabs, and two serum samples were collected per patient immediately after the interviews, as previously described [18] . The swabbed material was analyzed by real-time PCR for influenza virus A and B, parainfluenza-virus 1-4, RSV A and B, hMPV, and adenovirus. Data for analysis in this paper were obtained during a study examining the sampling efficacy of rayon and nylon flocked swabs for the diagnosis of RVIs in the elderly [18] .
PCR results were communicated to the attending physician within 24-48 h after sampling. A change in antibiotic treatment within 48 h after communication of the PCR results were viewed as a direct response to the PCR results.
We defined three cohorts of patients: symptomatic subjects with a positive real-time PCR (S/PCR+); symptomatic subjects with negative PCR (S/PCR−); non-symptomatic control subjects with negative PCR (control). Additionally, two subgroups of patients were identified for further analysis: (1) patients admitted by general practitioners to the hospital with a tentative diagnosis of pneumonia and (2) patients with chest X-ray at admittance consistent with pneumonia.
Additional examinations
To compare their respective comorbidities at the time of admission, the patients in these three groups were scored with the Modified Cumulative Illness Rating Scale for Geriatrics (CIRS-G) by Miller et al. [19] , with subsequent modifications [20, 21] and the Charlson comorbidity index (CCI), as described by Extermann [22] . Also, C-reactive protein (CRP) analysis, leukocyte counts, and assessments of chest X-rays were routinely performed on all patients at the time of admission. Leukocyte counts above 10.5 G/L and CRP values above 100 mg/L were considered signs of a bacterial infection and, when combined with an X-ray finding consistent with pneumonia, an indication of bacterial pneumonia [23] . The CRP value upon admission as well as the maximum CRP level during hospitalization were noted, whereas leukocytes were registered at the time of admission only.
Statistics
Continuous data analysis was performed by non-parametric methods using the Kruskal-Wallis test for skewed data, as well as Student's t-test for normally distributed data. Categorical data analysis was performed by the use of Pearson's Chisquared test. Length of stay analysis was performed by the use of Cox regression. One-way analysis of variance (ANOVA) with Bonferroni corrections were performed when comparing groups. Two-tailed p-values less than 0.05 were considered significant. All statistical analyses were performed using PASW 18 (SPSS Inc., Quarry Bay, Hong Kong).
Results
The results of the PCR analyses are published elsewhere [18] . Briefly, a positive real-time PCR test was obtained with at least one swab in 19 out of 147 patients: seven tested positive for influenza A virus, three for RSV, three for hMPV, two for adenovirus, two for parainfluenza virus type 3, one for influenza B virus, and one for parainfluenza virus type 4 [18] . None of the controls had a positive PCR. The characteristics of the three groups are described in Table 2 . The mean age and proportion living in a nursing home differed between the groups, being highest in the S/ PCR+ group and lowest in the control group. Diagnosis at admittance is described in Online resource 1.
The frequency of diagnosed pneumonia by chest X-ray and the frequency of antibiotic treatment during hospitalization did not differ between the S/PCR+ and S/PCR− symptomatic cohorts (Table 2) , while pneumonia and antibiotic treatment was significantly lower in the control group. A total of 19/37 (51 %) of the patients receiving a tentative diagnosis of pneumonia at admission by the general practitioners had their pneumonia confirmed by chest X-ray. With no exception, the patients with a tentative diagnosis of pneumonia at admission and/or patients with a chest X-ray consistent with pneumonia were administered antibiotics immediately after hospitalization.
When the PCR results became available, only two of the 16 patients (12.5 %) in the S/PCR+ cohort had their antimicrobial treatment discontinued. In both cases, the PCR results were stated as the main reason for antibiotic discontinuation in the patients' charts. Both patients were admitted by general practitioners with a diagnosis of pneumonia, and one of these had chest X-rays consistent with pneumonia.
Four further cases had CRP values below 100 mg/L and negative chest X-rays and, hence, in these cases, the likelihood of an ongoing bacterial infection was relatively low. In the remaining 10 patients, four had CRP values above 100 mg/L, two were diagnosed with chest X-ray findings consistent with pneumonia, and four patients presented with both of the latter findings. In those 10 patients, the possibility of an ongoing bacterial infection was relatively high.
In the length-of-stay analysis, a significant difference was found between the two symptomatic cohorts and the controls (p <0.001), but no difference was observed between the S/ PCR− and S/PCR+ cohorts (p =0.39) (Fig. 1) . Subgroup analysis of patients admitted by general practitioners to the hospital with a tentative diagnosis of pneumonia or patients with chest X-ray at admittance consistent with pneumonia revealed no significant difference between the two symptomatic groups.
No difference between the three cohorts was found with regard to the total CIRS-G score (p =0.29) and CCI score (p =0.15) ( Table 2) . A significantly higher proportion of category four CIRS-G domain scores were found in the S/PCR− cohort (p =0.032) compared to the S/PCR+ cohort.
When comparing the self-reported symptoms between the two symptomatic cohorts, a significant difference was found only for coughing (p =0.004), which was reported more often in the S/PCR+ than in the S/PCR− cohort (Table 3) . No significant difference between the cohorts was found when comparing the number of days spent in intensive care or deaths during the next 12 months.
Discussion
The main conclusions of this study of elderly patients hospitalized with symptoms of respiratory tract infections were: (1) a positive viral diagnosis by PCR resulted in the discontinuation of antibacterial treatment in only a minority of the cases; (2) symptoms of RVI, regardless of the real-time PCR results, predicted a longer hospital stay; (3) as all our non-symptomatic controls were negative for these common virus types by real-time PCR, the detection of influenza virus or RSV in the nasopharynx of an elderly person with symptoms of a respiratory tract infection was likely to be etiologically relevant.
In the S/PCR+ cohort, 6/19 patients were prescribed antibiotics prior to hospitalization and16/19 patients were administered antibiotics at the time of hospitalization. Only 2/16 patients had their antimicrobial treatment discontinued following viral PCR diagnostics. These results are comparable to other studies, where antibiotics were discontinued in 9.1-28.6 % of the patients after receiving a positive rapid viral test [6, 17, 24] . The impact of rapid viral screening on antibiotic administration in children is not easily transferable to the elderly. First, a negative result of PCR in elderly adults is less reliable due to the reduced viral shedding in this age group [9] . Second, even with a positive viral PCR result, there is an understandable reluctance to discontinue antibiotic treatment in the elderly, as immunosenescence and comorbidities render these patients at increased risk for a bacterial co-infection [25] . Unfortunately, the elderly may be particularly vulnerable to the consequences of inappropriate use of antibiotics, such as adverse drug events, super-infection by Clostridium difficile, and, ultimately, selection of resistant bacteria [26] . Due to their reduced physiological reserves, residents in long-term care facilities seem to be at particular risk in this regard [27, 28] .
It is conceivable that the subgroup of elderly patients needing hospitalization for a respiratory tract infection is more frail than the average elderly population. To our knowledge, no frailty assessments using validated scales in combination with real-time viral PCR have been performed in this patient group. In the present study, no difference in comorbidity measured by the total CIRS-G and CCI scores was found between the three hospitalized groups, but no comparison could be made in this regard with a representative group of non-hospitalized elderly individuals. The present control group was younger and less likely to reside in a nursing home than the symptomatic groups. With the often atypical clinical presentation of an RVI in elderly patients, adherence to clinical guidelines might be difficult, often due to difficulties with the initial diagnosis [9, 23] . In the present study, a tentative pneumonia diagnosis at admission was confirmed by chest Xray in only half of the patient population. In one study, a local educational program for the treatment of respiratory infections in the elderly significantly reduced the prescription rate and influenced the types of antibiotics prescribed [29] , thus indicating the effectiveness of age-adjusted guidelines of antibiotic treatment also in elderly patients.
No difference in the length of stay was found between the two symptomatic cohorts. These results are in accordance with previous studies in the elderly, where no difference in length of stay was observed between influenza-positive and influenzanegative patients hospitalized due to respiratory symptoms [6] . Studies performed by Lee et al. have shown a decrease in the average length of stay with antiviral treatment [30] . None of our seven influenza-positive patients received antiviral treatment, which, in an early phase of the disease, might have decreased the average length of stay in the S/PCR+ cohort.
Nineteen percent of the patients in our study reported at least one symptom consistent with an acute respiratory infection. As in most viral infections of the respiratory tract the shedding declines rapidly, there is a high risk of obtaining a swabbed sample with a virus concentration below the detection threshold, especially a few days after the start of symptoms [8, 9] .
The strengths of this study are the prospective design, the relatively high number of patients included, and the use of real-time PCR for virological analysis. Also, since our hospital is the only general hospital in the county of Aust-Agder, our patients are representative for the elderly hospitalized population in our region. In addition, the low number of specially trained staff harvesting the viral samples minimized the risk of poor-quality samples. A limitation to this study is the low number of patients with positive viral swabs. Economical considerations prohibited PCR analysis for rhinovirus and coronavirus; an inclusion of these viruses in the PCR panel could have improved the number of virus-positive swabs. Although final conclusions regarding antibiotic use and length of stay in this patient group are not possible based on this study alone, we believe that our results contribute to improved knowledge of the impact of real-time PCR for respiratory viruses in the elderly.
In conclusion, this study of elderly patients reporting symptoms of an RVI has shown that access to an early viral diagnosis had limited impact on the antimicrobial treatment.
The challenge related to unnecessary antibiotic treatment in the elderly needs to be addressed, both in research and in guidelines.
